It is estimated that approximately 5-10% of school-aged children suffer from attention-deficit hyperactivity disorder (ADHD).
INTRODUCTION
ths. 12 Faraone et al. 8 found that up to 86% of subjects continued medication at the end of one year. More typically, however, adherence rates in clinical research samples are approximately 50-80% after one year and 36-46% after five years. 6, 13 Assessment methods used to examine medication adherence in pediatric populations have included child report, parent report, pill count, and measurement of medication concentrations in urine or blood samples. Overestimation of adherence is common when using direct reports from parents or children or when using pill counts.
14 Measuring concentrations of medication in urine or blood samples is a resourceconsuming method, and collecting samples can be invasive and uncomfortable for the children. The Medication Event Monitoring System (MEMS; Aardex Ltd., Union City, CA, USA) is a device that records the date and time the pill container was opened using an electronic computer chip implanted into the cap of a prescription bottle. Data are downloaded directly into a computer program. 15 This tool reliably assesses medication use in clinical and research settings and is regarded as the gold standard for evaluating adherence. 16 In this study, this electronic device was used to evaluate stimulant adherence in children with ADHD.
Studies on adherence in patients with ADHD suggest that predictors of poor adherence may include older age, 3, 13 male gender, 17 lower intelligence, 14, 17 oppositional-defiant symptoms, 13 lower socioeconomic status, 9 and a three-times-daily regimen. Additionally, patients who experience more severe symptoms are more likely to adhere to their medication, 13 while patients who experience fewer symptoms exhibit lower adherence. 8 Those who are adherent to their stimulant treatment are more likely to have higher symptom scores over long-term follow-up than are non-adherents. 6 This relation between symptom severity and adherence suggests that a significant improvement in symptoms in response to medication likely motivates families to continue to use medication. The primary aim of this prospective study was to examine differences in adherence to Osmotic-controlled Release Oral delivery System (OROS) methylphenidate as estimated by self-report, a clinician's rating scale, pill count, and MEMS in children with ADHD. The secondary aim was to explore the relationships between adherence and clinical factors including ADHD subtype, onset and duration of illness, symptom severity, and neuropsychological test results.
METHODS

Study sample and procedure
Subjects were recruited consecutively from outpatient clinics at the University Hospital in Seoul, Korea. Diagnostic interviews of children with ADHD and one or both parents were conducted by child-adolescent psychiatrists. Inclusion criteria were as follows: 1) diagnosis of ADHD based on the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV), 2) capacity to understand and communicate with investigators, 3) age ranging from 7-13 years, and 4) current use of an OROS methylphenidate on fixed dose of medication, not during the titration period. Patients with comorbid diagnoses that may have influenced outcome measures (e.g., mental retardation or pervasive developmental disorder), severe medical conditions, or seizure disorder were excluded; however, patients with mild symptoms of depression or tics were included. Only children with ADHD who did not require dose adjustment for the eight weeks of the study were included. Patients who failed to attend study visits were excluded from the analysis. Appointments that were early or delayed by two or three days were allowed. Informed consent was provided both by the children and their parents. The study was approved by the Research and Ethics Committee of Korea University.
Measurements
Socio-demographic and clinical characteristics
The following variables were collected via clinician interview and chart review at baseline to test for potential associations with prospectively measured adherence: age, gender, height, weight, parental education, marital status of parents, and income. Information regarding the subtype of ADHD based on DSM-IV criteria, age of onset, dosage of OROS methylphenidate, and length of treatment with medication were also obtained. The total number of tablets consumed was determined at each visit.
Clinical symptoms and neuropsychological tests
ADHD Rating Scale
Parental versions of the ADHD Rating Scale (ARS) were used in order to evaluate the symptoms of children with ADHD. Assessments were carried out at baseline and at the end of the eight week study period.
Neuropsychological tests
All subjects completed the Korean Educational Development Institute-Wechsler Intelligence Scale for Children 18 and a computerized continuous performance test (CPT) 19 at baseline. The Korean version of the CPT is standardized, and its validity and reliability have been well-established. 19 
Adherence
Adherence was assessed using the following four methods:
MEMS, patient self-report, a clinician rating scale, and pill count.
MEMS
The percentage of doses taken on schedule was used to calculate the MEMS adherence rate. Subjects were categorized as adherent if they opened the pill container within the 3-hour target time frame for each dose.
Percentage of doses taken on schedule (PDTc, %)=No. of doses taken correctly according to the prescription/No. of prescribed doses×100
Self-report Parents of the children with ADHD were asked to estimate their child's overall adherence to the stimulant medication with a value between 0 and 100%.
Clinician rating scale
The clinician rating scale was an ordinal scale from 1-7, with higher numbers indicating better adherence (response range: 1 'complete refusal' to 7 'active participation: readily accepts, and shows some responsibility for regimen'). In previous studies, a score of 5 or greater was used to determine adherence, 20 and this study adopted the same threshold for adherence. Clinician assessment of adherence was conducted without knowledge of the MEMS data.
Pill count
An index was derived from the actual pill count compared to the prescribed pill count as recorded by a research assistant at each follow-up visit.
Pill count adherence index(%)=Actual pill count/Prescribed pill count×100
Statistical analysis
Adherence was analyzed in two ways. First, adherence was treated as a continuous variable. Second, the continuous adherence data were converted into dichotomous variables, with the exception of the clinician rating scale. A threshold of 80% was used, which is considered the standard cut-off for a dichotomous measurement of adherence. 15, 21 Subjects were categorized as adherent and non-adherent based on MEMS adherence. 22 Chi-square tests and independent t-tests were used to compare the demographic and clinical variables of adherent and non-adherent groups, respectively. Pearson's correlation was used to determine the association between adherence rates as defined by the MEMS and demographic and clinical factors. Mantel-Haenszel tests of linear association were also used to estimate the relationships between adherence and ordinal variables. A concordance correlation analysis was used to evaluate agreement among the adherence measures. The concordance correlation coefficient assesses the agreement between two methods by measuring the variation in their linear relationship from the 45° line through the origin. 23 Kappa statistics were calculated to evaluate agreement among the dichotomized adherence measures. p-values less than 0.05 according to a two-tailed test were considered statistically significant. Data were analyzed using the Statistical Packages for the Social Sciences (SPSS version 16; SPSS Inc., Chicago, IL, USA).
RESULTS
Demographic and clinical characteristics
A total of 44 outpatients (39 boys, 5 girls) were enrolled in the study. Two did not return the MEMS bottle at the followup visit, and two failed to attend their appointment on the scheduled day. One other did not use the MEMS bottle consistently and returned with unusable data. The final sample consisted of 39 children (35 boys, 4 girls) with a mean age of 10.44±2.22 years. Mean height was 138.21±14.50 cm, and mean weight was 36.76±15.17 kg. Mean dose of OROS methylphenidate was 33.23±13.25 mg. Concomitant medications that were taken during the study included escitalopram (n= 5), risperidone (n=2), and imipramine (n=1). There were no differences in baseline demographic or clinical characteristics between the adherent and non-adherent groups (Table 1) .
Medication adherence
Mean adherence according to the MEMS, self-report, and pill count was 77.58±19.13%, 90.08±16.25%, and 94.06± 8.62%, respectively. The mean scale score for the clinician rating scale of adherence was 4.58±0.99. By employing a score of 5 or greater as the threshold for clinically meaningful adherence, the clinician rating scale of adherence was low. Concordance correlations (95% confidence interval) among the adherence variables were low: 0.237 (range of -0.024 to 0.468) for self-report vs. MEMS, 0.249 (0.102 to 0.386) for pill count vs. MEMS, and 0.269 (0.009 to 0.494) for self-report vs. pill count.
Continuous adherence data were converted into dichotomous variables (adherent vs. non-adherent group). Employing this approach, the adherence rates for the MEMS, clinician rating scale, self-report, and pill count were 53.8%, 68.3%, 82.1%, and 87.2%, respectively. Kappa coefficients indicated that agreement among adherence measures was low: 0.083 for self-report and MEMS, 0.293 for pill count and MEMS, and 0.327 for clinician rating scale and MEMS.
Seven of the 22 subjects who were rated as adherent by their treating clinician were categorized as non-adherent based on the MEMS, and six of the 17 who were rated as non-adher-ent by their treating clinician were categorized as adherent based on the MEMS (Figure 1 ). Thirty-three percent (13/39) of the clinician adherence ratings did not agree with adherence as determined by the MEMS.
Adherence and ADHD symptoms of children
The relationships between adherence variables and demographic and clinical factors were examined. Baseline ARS scores and ARS score changes were compared between the adherent and non-adherent groups as defined by the MEMS (Table 2 ). There were no significant differences between the two groups, although the non-adherent group reported higher scores both at baseline scores and score changes on the ARS. All ARS subscale scores decreased in both groups from baseline to the eight-week follow-up (p<0.05); however, these changes did not differ between the two groups even though the adherent group showed a larger mean decrease in score.
In the correlation analysis, the inattention subscale and total scores of the ARS at baseline were negatively correlated with self-rated adherence (ARS inattention: r 2 =-0.403, p<0.05; ARS total: r 2 =-0.385, p<0.05). However, none of these measures were significantly correlated with MEMS adherence. Baseline intelligence test scores and CPT scores were not different between adherent and non-adherent groups. Moreover, there were no correlations between MEMS adherence and these scores.
DISCUSSION
In the present study, the MEMS monitoring detected clinically meaningful OROS methylphenidate non-adherence in nearly 50% of the subjects when adherence was defined as a dichotomous variable. Using a threshold of 80%, the rate of non-adherence as measured by the MEMS was 46.2%, which was considerably higher than non-adherence based on self-report (17.9%), clinician ratings (31.7%), and pill count (12.8%). Inconsistency between self-report and clinician estimates of adherence has been previously reported; 24 however, the present study suggests that the ability of clinicians as well as patients to predict adherence is limited. In addition to an overestimation of patient adherence, there was a discrepancy between adherence measures according to clinician rating and the MEMS, which is a more accurate measure of adherence; One-third of clinician adherence ratings did not agree with adherence as determined by the MEMS. Moreover, the clinician rating scores had a low kappa coefficient with MEMS in the correlation analysis. These findings suggest the possibility of a limited clinician capacity to detect OROS methylphenidate non-adherence in actual clinical practice. Also, the clinicians needed additional time in the follow-up interview for determining non-adherence.
Moreover, pill count adherence was even higher than selfreported adherence, and there was a significant discrepancy in adherence calculated by pill count and adherence calculated with the MEMS. In this study, the MEMS considered a patient adherent when the bottle was opened within a specified 3-hour time frame. The discrepancy between pill count and MEMS adherence implies that the medications were not taken within the recommended time frame. Dosing time may be particularly important in children with ADHD. Delayed dosing can result in insufficient treatment effects or adverse effects. Parents of children with ADHD often consider their child adherent even though the child took the medication at the incorrect time. The MEMS provides more details than other measures of adherence and accounts for intake pattern. 23 The discrepancies in the results of the present study highlight the importance of the criteria used to define adherence. The utility of the MEMS is its potential for measuring patterns of adherence and its ability to encourage adherence in children and their parents, since symptom control and adverse effects of stimulants are more closely linked to taking medication on time, as opposed to a pattern of missed doses. Moreover, there may be subgroups of individuals who respond differently to changes in medication regime, ranging from those who are sensitive to even the slightest changes to those who maintain a response despite frequent non-adherence. 25 The MEMS reliably measures medication use in clinical and research settings, and comparisons of MEMS adherence with other measures can be meaningful for educating and improving adherence in clinical practice.
In the current study, ADHD symptoms and their changes with respect to adherence were analyzed. The relationships between adherence and ADHD symptoms in the children with ADHD were also evaluated. An analysis showed that adherence as defined by the MEMS did not have a significant relationship with baseline symptom severity or symptom changes during the eight week study. That said, inattention and the total symptom scores that patients experienced were negatively associated with self-reported adherence. This suggests that patients as well as clinicians may assume that adherence is related to symptoms. That is, patients may think that symptom improvement is due to good adherence or that good adherence will result in improvement of their symptoms in the short-term.
In the study of the relationship between adherence and symptoms, some have suggested that baseline severity of AD-HD predicts adherence to medication treatment. Brown et al. found that more severe symptoms were associated with lower adherence rates. 14 Another study found that a greater number of teacher-rated ADHD symptoms at baseline predicted adherence to therapy. 13 More recently, Faraone et al. reported that fewer ADHD symptoms were associated with low adherence. 8 The differences in the definition and measure of adherence may be due to the source of these contradictory results. In the present study, there were no significant differences in baseline symptom scores or symptom change scores with ARS between the adherent and non-adherent groups; however, the non-adherent group showed higher baseline scores and smaller changes on the ARS during the eight week study period. We tentatively suggest that the severe baseline symptoms and poor improvement may be related to non-adherence.
The results of this study should be interpreted in light of several study limitations. First, although the MEMS is currently considered the gold standard for evaluating adherence, it has limitations. Documentation that the bottle was opened does not confirm that either the medication or the correct dose was ingested. Secondly, although subjects were not informed of the results of the MEMS measurements, they were aware that this study's intent was to better understand adherence, which may have encouraged adherence during the study. Thirdly, subjects with a co-morbid disorder such as mild symptoms of depression or tics were included, and these comorbid cases many influence the adherence to medication. Fourth, the relatively small number of participants also may have influenced the study results. This is the first study to examine adherence using the MEMS in addition to clinician ratings and pill count measures in children with ADHD. This study is also unique in that it assessed the relationship between adherence estimated with MEMS and symptoms in children with ADHD. Based on the MEMS data, the overall mean level of adherence was low, suggesting that clinician-or parent-ratings and pill counts may overestimate adherence. The symptom severity and level of improvement were not related to adherence estimated with MEMS. More studies are needed to evaluate other variables that may predict treatment adherence in ADHD. Increased use of more precise evaluation tools, such as the MEMS, may help resolve this matter.
